Introduction 30
As an essential trace element for normal growth and physiological function of animals 31 including fish (NRC, 1993) , selenium (Se) has gained the attention of many researchers in 32 fish nutrition. Each dietary treatment was randomly assigned to three tanks. The fish were hand fed to 83 satiation, twice a day at 08 am and 04 pm for 10 weeks. The fish were fed slowly to ensure no 84 uneaten food. The amount of feed consumed was recorded daily to estimate feed intake. All 85 of the fish from each tank were weighed every two weeks to monitor growth. Total feed 86 intake and weight measurement at the end of the trial were used for the estimation of feed 87 conversion ratio (FCR, feed intake divided by the wet weight gain). 88
Sample collection 89
At the commencement of the trial, 18 additional fish were used to estimate initial Se content 90 in the liver and muscle. Both liver and muscle tissue samples were pooled before the analysis. 91 At the end of the feeding trial, three fish from each tank were randomly selected and blood 92 was sampled from the caudal vein with syringes and directly used for measurement of 93 haematocrit. The remaining blood was allowed to clot for 2 h at 4 ºC and red blood cell 94 pellets were separated by centrifugation of whole blood at 1500×g for 10 min at 4 ºC using a 95 centrifuge (5804R, Eppendorf, Hamburg, Germany). The red blood cell pellets were stored at 96 -80 ºC until used for glutathione peroxidase assay. 97
Following the blood sampling, liver, spleen, heart, left anterior dorsal muscle and anterior 98 intestine were dissected from each fish and fixed in 10% buffered formalin for 24 h for 99 histopathological examination. The remaining muscle tissues from each fish were used for 100 estimation of Se content and proximate composition. 101
The remaining fish (nine per tank) and their livers were individually weighed to calculate 102 hepatosomatic index (HSI = 100 × liver weight / body weight). The livers of the nine fish 103
were pooled for estimation of Se content. 104
Haematocrit assay 105
Haematocrit (Ht) of each fish was determined in triplicate by the microhaematocrit method 106 (Rey Vázquez and Guerrero, 2007) . Blood was collected into heparin-coated 107 microhaematocrit tubes and centrifuged at 13000×g for 5 min to determine Ht (the percent 108 packed cell volume). 109
Glutathione peroxidase assay 110
Glutathione peroxidase (GPx) activity in red blood cells from each fish was assayed using the 111
Ransel RS-505 kit (Randox, Crumlin, County Antrim, UK) and a chemistry immune analyser 112 (AU400, Olympus, Tokyo, Japan) at 340 nm and 37 ºC. The results were expressed as units 113
of GPx/g of haemoglobin (Hb). Haemoglobin was measured using the Hb HG-1539 kit 114 (Randox, Crumlin, County Antrim, UK). 115
Histopathological examination 116
The histological samples were routinely processed, dehydrated in ethanol before equilibration 117 in xylene and embedded in paraffin wax. Sections of approximately 5 µm were cut and 118 stained with haematoxylin and eosin and observed by a light microscope (BX40F4, Olympus, 119
Tokyo, Japan) under 100× and 400× magnifications. Numbers of macrophage aggregates 120 (MAs) per sections of entire spleens were counted. 121
Chemical analysis 122
Protein, lipid, moisture, ash and Se were analysed according to the standard methods of the 123 Association of Official Analytical Chemists (1990): crude protein by analysis of nitrogen 124 using the Kjeldahl method; crude lipid by petroleum ether extraction using the Soxhlet 125 method; moisture by drying at 105 ºC to a constant weight and ash by combustion at 550 ºC 126 for 24 h. Selenium was estimated using an atomic absorption spectrometer equipped with 127 vapour generation assembly (AA280 FS and VGA 77, Varian, Mulgrave, Vic, Australia). 128
Gross energy was determined using a bomb calorimeter (C2000, IKA, Staufen, Germany). 129
Statistical analysis 130
Data were analysed using PASW Statistics 18.0 (IBM Corporation, New York, US). All data 131 were subjected to Levene's test for homogeneity of variance and one-way ANOVA. 132
Macrophage aggregate data were square-root transformed before analysis. When a significant 133 treatment effect was observed, Tukey's Honest Significant Difference test was used for 134 multiple mean comparisons. Linear regression analyses were performed on tissue Se 135 concentrations against dietary Se concentrations. The statistical significance was set at P < 136 0.05. 137
Results 138
The measured water quality parameters were not significantly different (P > 0.05) among the 139 dietary treatments. During the trial, water temperature, pH and dissolved oxygen averaged 140 21.7 ± 0.7 ºC, 7.6 ± 0.2, and 6.9 ± 0.4 mg/L (mean ± SD), respectively. Total ammonia 141 (NH 3 /NH 4 + ) was always ≤ 1.0 mg/L. 142
During the first four weeks, no dietary treatment resulted in any significant differences (P > 143 0.05) in fish growth. However, from week 6 the dietary Se supplementations resulted in 144 significantly (P < 0.05) higher weight gains than the basal diet (Table 2) . At week 8, the fish 145 fed 20.87 mg Se/kg diet started to show decrease in weight gain which became similar to the 146 basal diet at week 10. 147
Dietary Se had no effects on proximate composition and gross energy of muscle tissues 148 (Table 3) . Similarly, feed conversion ratio and survival of fish were not affected by dietary Se 149 levels, but feed intakes were significantly influenced by the dietary Se levels (Table 4) . 150
Significantly (P < 0.05) lower feed intakes were found in fish fed the lowest and highest 151 levels of Se. 152
There were significant (P < 0.05) increases in yellowtail kingfish liver and muscle Se 153 concentrations which corresponded with increasing dietary Se levels (Table 4) . Linear 154 regression analysis of tissue Se accumulation showed linear responses to dietary Se levels (y 155 = 0.2888x -0.0092, R² = 0.964 and P < 0.001 for liver; y = 0.0701x + 0.237, R² = 0.920 and 156 P < 0.001 for muscle; Fig.1 ). 157
Significant differences in Ht, HSI and GPx activities between dietary treatments were 158 observed (Table 5) . Haematocrit values and HSI were significantly (P < 0.05) lower in the 159 fish fed the diet containing the highest level of Se. The fish fed the basal diet had 160 significantly (P < 0.05) lower GPx activity than other fish. The highest GPx activity was 161 found in fish fed the highest Se level. 162
Yellowtail kingfish fed different dietary Se concentrations did not show any histopathological 163 lesions or degeneration in heart and intestine tissues. However, the number of splenic 164 macrophage aggregates was four times significantly (P < 0.05) higher in fish fed the highest 165
Se diet than those fed the lower Se diets (Table 5 ; Fig. 2 ). The highest Se diet also resulted in 166 hepatocyte atrophy (Fig. 3) . In contrast, necrotic muscle tissues were only observed in the 167 fish fed the lowest Se diet, 2.31 mg/kg (Fig. 4) . 168 The results of HSI indicated that the liver of fish fed the highest Se level was smaller 227 compared to fish fed the lower levels. This may be as a result of liver atrophy caused by Se 228 toxicity. Liver necrosis and reduced HSI have also been observed in white sturgeon exposed 229 to 191.1 mg Se/kg diet for 8 weeks (Tashjian et al., 2006) . However, Sorensen et al. (1984) 230 found that green sunfish with higher Se concentrations in livers (21.4 mg/kg compared to 7.0 231 mg/kg) had higher HSI. The authors reasoned that larger livers in fish having higher Se levels 232 were due to edema caused by waterborne Se toxicity (Sorensen et al., 1984 The fish in the present study showed more than two times slower growth compared to 246 yellowtail kingfish cultured in a recirculating aquaculture system in a previous study (Abbink 247 et al., 2012) . Apart from differences in culture conditions, the lower feeding frequency is one 248 of the main reasons for the slower growth of the fish in the present study. The fish in both 249 studies had similar life stages, however, in the study of Abbink et al., the fish were fed to 250 satiety eight times a day, whereas the fish in the present study were fed two times. This led to 251 three times higher in feed intake in the study of Abbink et al. than in the present study. 
Discussion

